TESLA is one of the projects for a next generation TeV linear collider. Emphasis is on e + e ? -Physics at an initial center of mass energy of 500GeV and a luminosity above 5 10 33 cm ?2 s ?1 . Di erent to other approaches, TESLA has chosen superconducting acceleration structures operated at 1.3GHz. In this report, the TESLA project is brie y described and some aspects of a possible e ? e ? -mode are discussed.
Introduction
TESLA is an international collaboration for a next generation TeV linear collider. Emphasis will be the exploitation of electron positron collisions well beyond the reach of LEP. In an initial phase it is planned to reach a center of mass energy of 350 to 500GeV with a luminosity above 5 10 33 cm ?2 s ?1 . This report is based on the Conceptual Design Report, which describes the TESLA project in detail. 1 Although, TESLA is basically planned as an e + e ? -collider, a second interaction region for e ? e ? , e ? , and -physics is included in the design.
Several groups worldwide are pursuing di erent linear collider designs. 2 The main di erence of the TESLA approach is the choice of superconducting acceleration structures. As described in the next section, there are signi cant advantages using the superconducting linac technology.
TESLA uses 9-cell niobium cavities cooled by super uid Helium to 2 K and operated at 1.3GHz. The TESLA Test Facility (TTF) is being built at DESY to develop and test the production of superconducting cavities with a gradient above 25MV/m and an unloaded quality factor of at least 5 10 9 . It is essential for the success of the TESLA project to push the superconducting structures for very high gradients and at the same time to reduce the cost per unit length.
This report cannot cover most aspects of the TESLA project, instead, in the last section the interaction region layout is discussed, which is of special interest for a possible e ? e ? -option.
Overview of the TESLA Linear Collider Design
A schematic overview of the TESLA linear collider is shown in Fig. 1 . The superconducting linac technology has several signi cant advantages. The power dissipation in the cavity walls is extremely small. This allows to produce the acceleration eld with very long, low peak power rf pulses and a high transfer e ciency of rf power to the beam. The rf pulse length is chosen to be 1.33ms with 1 a peak power of 200kW per cavity. This allows a bunch train length of 800 s with an average beam power of 2 8.2MW. The AC power consumption remains below 100MW. Table 1 summarizes the TESLA parameters. The high average beam power allows to achieve the required luminosity with a spot size at the interaction point only by a factor of three smaller than already achieved at the Final Focus Test Beam experiment, 3 which was performed with the 45GeV SLC beam.
The long rf pulses allow a large bunch to bunch spacing of 708ns. This is not only an advantage for the experiments to resolve single bunch crossings, moreover, it allows a fast bunch to bunch feedback to stabilize the orbit within one bunch train. This is especially important at the interaction region in order to maintain a high luminosity in avoiding a spot size dilution and a beam separation at the interaction point. A safety system can be employed with can turn the beam o within one pulse. Furthermore, with a large bunch spacing a head-on collision is possible, thus avoiding a crab crossing scheme. On the other hand, the long bunch train length of 240km complicates the design of the damping ring. An elegant solution has been found and is described in Ref. 1 .
A low rf frequency of 1.3GHz was chosen. In principle, to minimize resistive losses in the cavity walls, the frequency should be in the range of 300MHz to 3 GHz. The losses are proportional to the conductor area and the surface resistance. The area scales with 1/f RF while the surface resistance in a superconducting cavity scales with f RF 2 . The choice of 1.3GHz is a compromise between the large niobium and cryostat costs for low frequencies (larger cavity sizes) and the cryogenic costs for higher frequencies (e.g. the helium temperature has to be lowered to 1.5K in order to reach a quality factor of 10 10 at 3GHz). Moreover, at 3 GHz the acceleration eld limit is already around 30MV/m. Another reason to choose a low frequency is to reduce the longitudinal and transverse wake elds, which scale with the second and third power of the frequency resp. In consequence, the alignment tolerances are relaxed compared to higher frequencies and thus leaves room for an optimization towards very low emittances and high luminosities.
The TESLA Test Facility
In 1992, an international collaboration proposed the TESLA Test Facility (TTF) as a test bed situated at DESY to prove that accelerating gradients above 15MV/m are consistently obtainable, and that the cavities can be assembled into a linac test string, which allows to accelerate an electron beam to about 500MeV. 4 Details of the design of the test facility is documented in a conceptual design report. 5 The Facility is equipped with a fully operational infrastructure to process and test cavities. It includes a complex of clean rooms, an ultra clean water plant, a chemical etching facility, and an ultra-high vacuum furnace.
At present, 20 superconducting cavities from three manufacturers have been processed and tested. 6 The tests are performed in a vertical test stand in cw-mode. Those cavities, which have been welded into the helium tank, are tested again in the horizontal test stand, equipped with the main power coupler and higher order mode couplers assembled.
The performance of the cavities tested in the horizontal test stand in pulsed mode is comparable with the results of the vertical tests. 7 Eight cavities have been assembled in a string and mounted into a cryomodule, one cavity is used for the pre-acceleration module (capture cavity) of the TTF linac injector.
In early summer 1997 the rst module and the capture cavity were commissioned successfully and have been operated since then. An average gradient of 15MV/m has been established with beam. An rf pulse length of 800 s could be achieved with the design amplitude and phase stability. According to the expectations, the cryogenic operation showed very low static losses of only 6W/m at 1.8K. Di erent subsystems, e.g. low level rf control and timing, were commissioned and used to produce a 120MeV beam. For instance the rf control feedback system based on Digital Signal Processors showed an excellent performance. The amplitude and phase stability during the 800 s rf pulse using the feedback system is better than 0.5% and 0.1 resp., 8 with an additional feed forward compensation the stability improves by a factor of 10 ( Fig. 2) .
The extension of the linac to three modules is scheduled for 1998. Figure 3 shows the layout of a TESLA cryomodule. Eight 9-cell cavities are assembled in a string together with a superconducting quadrupole doublet, steering coils, and a beam position monitor. The cavity processing and testing revealed two major reasons of the performance limitation. Some cavities showed very good performances in most cells, but had one cell with a quench at very low gradients. This behavior could be traced down to inclusions of foreign materials close to the inner niobium surface. Scanning the niobium sheets with the Eddy-current method prior to the cavity fabrication is now a standard procedure at TTF and detects inclusions of at least 200 m in diameter up to a depth of 500 m. 9 One series of cavities from a single manufacturer showed a continuous decreasing quality factor for gradients above 3MV/m and quenches between 10 and 15MV/m in all cells. With a temperature mapping system all quenches could be identi ed and originate from the equator welds. Optimization of welding parameters and welding under very clean conditions signi cantly improved the performance, a test cavity from the same manufacturer reached 25 MV/m without a quality factor degradation. 10 A summary of the performance of cavities tested so far which have reached a gradient of more than 20MV/m is shown in Fig. 4 . It demonstrates, that the technique of processing and operating superconducting cavities above 20 MV/m is established. Furthermore, 9 individual cells of the tested cavities show gradients between 30 and 36MV/m, which are not yet limited by a quench but by the available rf power. 11 This clearly indicates that the goal of an average gradient of 25MV/m per cavity with a quality factor of at least 5 10 9 as required for TESLA is within reach.
Interaction Region
The beam delivery system transports the beam from the linac exit to the nal focus, the interaction point (IP). Its main function is to demagnify the beams and bring them in collision with a spot size of 845 nm 19nm. The demagni cation is mostly performed by a strongly focusing quadrupole doublet at a distance of 3m from the IP. Due to the large bunch to bunch spacing of 708 ns, a head-on collision is possible. The spent beam is transfered trough the opposite beam line and extracted by a 20m long electrostatic separator followed by a septum magnet at 60 m from the IP. The collimation system is designed such that no synchrotron radiation emitted by the incoming beam in the eld of the quadrupoles hits directly or indirectly the detector. The radiation passes clear through the large aperture of the quadrupoles (48mm in diameter). The strong space charge eld of the opposing bunch produces strong electromagnetic elds (with a current density of 5 10 12 A/cm 2 the elds are in the order of B = 10 4 T). Since the colliding beams have opposite charge, the trajectories are bend inwards. Due to this focusing e ect (pinch e ect), the beam size is reduced and the luminosity is enhanced by a factor H D about 1.5. In addition, the sensitivity of the luminosity in respect to beam o sets is much reduced. For instance, without pinch e ect, a beam separation of 1 reduces the luminosity to 50 %, with pinch e ect, the luminosity is only slightly reduced to 90 %.
However, the beam-beam interaction induces the emission of hard synchrotron radiation (beamstrahlung). This degrades the energy distribution, reduces and spreads the center-of-mass energy. A strong background of photons and low energy e + e ? particles are produced. The resulting luminosity spectrum is shown in Fig. 5 . The average fractional beam energy loss from beamstrahlung is kept to b = 2.5%, a value which is acceptable for the detector and the experiments. For at beams, b is nearly independent of the vertical beam size. This allows to increase the luminosity by reducing the vertical beam size without further degrading the energy and luminosity spectrum. Reducing the vertical beam size is done by reducing 6 . Dependence of the luminosity on the vertical beta function y for two di erent bunch lengths for nominal TESLA parameters in the e ? e ? case. 13 Shown is also the reduction in luminosity for a vertical beam displacement of y = 10nm. the luminosity by a factor 5 or even 10 as an upgrade option seams possible. 12 In the e ? e ? case, where both colliding beams have the same charge sign, the particle trajectories are bent outwards and thus are defocussed. This increases the spot size and lowers the luminosity. Simulations have shown a factor of 3 reduction compared to the e + e ? case, which is about twice the pinch enhancement factor H D . Figure 6 shows, that the luminosity is not very sensitive to the vertical beta function, but a lower beta close to the Oide limit (200 m) is preferred. However, due to the absence of the pinch e ect, the sensitivity of the luminosity on beam displacements is signi cant. Figure 6 indicates a reduction in luminosity from 2.0 to 0:5 10 33 cm ?2 s ?1 if one beam is vertically displaced by 10nm. For y = 200 m, a reduced horizontal spot size of x = 655nm, and a bunch length of z = 500nm a luminosityof 2 10 33 cm ?2 s ?1 is expected. 13 For this case, Fig. 5 shows the luminosity spectrum due to beamstrahlung. The spectrum is very similar to the e + e ? case, indeed, due to the lower luminosity, the background is even reduced.
One of the main background sources in the detector is the production of e + e ? pairs from beam-beam interaction: about 10 5 pairs with a total energy of 160 TeV per bunch crossing for nominal TESLA parameters. Also remnants of hard bremsstrahlung events of the incoming beam and low energy hadronic events contribute to the background, resulting in 0.13 hadronic events and 0.003 minijet pairs with a p T > 3:2 GeV=c per bunch crossing. The bremsstrahlung remnants deposit a total energy of 2 10 5 GeV in the quadrupoles. The beamstrahlung itself is emitted in a narrow cone of less 0.5mrad and exits the detector without producing any background. To shield the detector against the background, a special masking system is proposed (Fig. 7) . The mask covers the forward region, because most particles are emitted within an angle of less than 55mrad (with a 3T detector solenoid magnet). The mask is made of tungsten to minimize its thickness, which is chosen to be 75mm. About 600 photons with a total energy of 10 GeV are to be expected in the detector outside the mask. An important detail of the mask is the inner part. It shields against particles which are re ected back from the quadrupoles. It can also partly be used as a calorimeter.
Conclusion
The TESLA approach towards a TeV e + e ? linear collider uses superconducting acceleration cavities at 1.3GHz, which has several signi cant advantages compared to other designs. The reference design for TESLA at a center-of-mass energy of 500GeV reaches a luminosity of L = 6 10 33 cm ?2 s ?1 . The choice of the rf frequency results in very small transverse and longitudinal wake elds, which leads to relaxed alignment tolerances for the linac components required to transport a beam with low emittance. TESLA has therefore a high upgrade potential, where the luminosity can be increased by a signi cant factor, when tolerances are tightened to their limits. Higher center of mass energies up to 800GeV are realized by increasing the gradient in the cavities, to go beyond 1 TeV, an extension of the linac length is required. The beam induced background for the detector in the interaction region is well understood. A suitable masking system has been designed, which protects the detector against most of the background. TESLA leaves room for a second interaction point, which can be used for e ? e ? , e , and experiments. In the TESLA Test Facility the rst cryomodule was commissioned and a beam could successfully be accelerated with an average gradient of 15 MV/m. 6 . Acknowledgment I would like to thank R. Brinkmann, M. Liepe, M. Pekeler, H. Schlarb, and D. Schulte for their fruitful discussions and for providing me with their material. Furthermore I would like to express my thanks to the organizers of this very interesting workshop in an agreeable atmosphere.
